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a J!Z P ^ ^T" re>a T? * e COnStrUCti0n of func,ional engineered peptide synthetases capable to display 
a correct activity and their use for the non-ribosomal preparation of modified peptides ^ ^ 

sequTncf" 1 ""^^ *° " P6ptideS (wHd ^ o^eptides having a ne« amino acid 

«J!2! "S^tfT C ° mpleXeS * eucar y otic °' Procaryotic origin, which are responsible for the 

^SS^^SSKiSST a,so ^ as Wotemp,ate synthesis (Wein£ H - and * 

mv J^ h r Ptide iri! ,iCh ^f " be l0 " 9 UP ,0 20 0r more amino acids - can have a linear . cyclic (cyclosporins tyrocidine 
SSL T ° therS) 0r brancned <** a™*™ (Polymyxin, bacitracin and o\hers?£d otaSEn" 
amino ac.ds not present in proteins or modified amino acids through methylation or epimerization 

Peptide synthetases are described as multienzymatic complexes consisting of one or more poryoeDtides fenzv 
rS^llfTS- ^ Cha , rac,eristic 01 »« * ^e presence on the same polyr^tiae^ ontlr n^re 

r^tT^Zi^ 0 ^ ^ * — * 8 ^ — (DDA), u°sX 

the ^Z^l^^^ ^ *"* * "» - - to th ° «— • * -* «- acid in 

1 - recognition of the amino acid; 

2 - activation of the amino acid as aminoacyladenylate; 

3 - binding of the activated amino acid to the enzyme by the thioester bond between the carboxylic qrouo of the 

4 - formation of peptide bonds among the amino acids. 

atL D a?ds^ ^ "* re9i ° nS aSS0Ci3ted - the ^ a «°" - of the 

b.y.are^S 

In peptide synthetases there are as many DDAs as the amino acids which form the peptide. For example the com- 
plex of surfactin synthetase which catalyzes the polymerization of the lipopeptide having follc^in^ucSre 

L-Leu P-0H-C l?u L-Glu L-Leu 

I ] 
D-Leu— L-Asp L-Val D-Leu 



40 consists of three polypeptides of which the first two include three DDAs each, whereas the third has only one DDA 

?c™aXr^ 

repeTun^:^ 

45 _ ms m ° dular structure is conserved among the bacterial and fungal peptide synthetases as shown by the 
sequence characterization data of the srfA operon (Cosmina at al. Mol. Microbiol.. 8: 821-831 199lf as weTas J2 

i t f"l ^ and ACV from var,ous s f >eties ( Smith et al. EMBO J. 9741-747 1990) 

TTierefore. a characteristic of the thiotemplate synthesis is that the sequence of the peptide product is determined 

ss pJESSSffi prSef - ^ ** m6th0d »~ P--. antibiotic. antiangina, immunosup- 

mn a ^^ epafati0n 01 molecules wiln im P roved Properties with respect to the known ones (for example molecules hav- 

At the present the available techniques for the preparation of these molecules include: 
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1) selection of new producer microorganisms; 

2) preparation of mutant by mutagenesis of wild type stains with chemical agents; 

3) modification of amino acid substrates for the growth of the peptide-producing organisms in the attempt to include 
different amino acids in the peptides. 

4) chemical synthesis. 

These methods are usually very expensive in terms of time, present a high level of uncertainty as to the probability 
of obtaining new molecules, offer very few possibilities of directing the modification of the peptide towards suitably 
designed structures and, in case of chemical synthesis, the production on a large scale of complex molecules is partic- 
ularly onerous and difficult. 

At the state of the art, therefore, there is the need for a method which could allow the efficient production of modi- 
fied or new peptides without the above-said disadvantages. 

It has been now found that it is possible to satisfy these needs by the process of the present invention, which uses 
functional engineered peptide synthetases which are capable to display a correct activity. 

In particular, according to the present invention, it has been found that a necessary and sufficient condition, in order 
to produce and secrete a peptide with high quantities, is that the last activation domain of a peptide synthetase properly 
designed, has its C-terminal end fused to the sequence present on the C-terminal end of the last activation domain of 
a peptide synthetase. 

In other words, disposing of the genes which code for the a, b, c, d domains capable to recognize A, B, C, and D 
amino acids, it is possible to build an engineered peptide synthetase a-b-c-d which produces the A-B-C-D peptide which 
is secreted correctly, if the end of the D domain is fused to the sequence present at the C-terminal end of the last acti- 
vation domain of a peptide synthetase. 

According to this, the present invention regards a method for the non-ribosomal production of modified peptides, 
which comprises: 

(a) isolating from chromosomal DNA of strains producing peptide synthetases the sequences which code prede- 
termined activation domains of amino acids and fusion of these sequences in a predetermined order established 
by the order of the amino acids in the desired peptide; 

(b) fusion of the 3-terminal nucleotide sequence downstream of the last activation domain of a peptide synthetase 
in the region at the end of the sequence which encodes the conserved site Gly-Gly-(His-Asp)-Ser-(lle-leu) of the 
thioester bond of the last activation domain of the peptide synthetase engineered as reported in step (a); 

(c) introducing the gene construction obtained in (b) in a vector under the control of suitable transcription and trans- 
lation signals; 

(d) transforming a microorganism with the vector obtained in (c); 

(e) cultivating under suitable conditions the microorganism transformed as in (c); and finally 

(f) isolating the peptide from the culture medium. 

It is another object of the present invention a method for the preparation of engineered peptide synthetases and 
peptide synthetases thus obtained. 

Further objects of the present invention will appear from the reading of the description and from the example which 
follows. 

In order to provide a better definition of the present invention a reference is made to the following figures: 
Figure 1 : shows the restriction map of the pVAL-TE plasmid; 

Figure 2: shows the possible Campbell integration which can occur within the Srf A operon after transformation of 
strain JH642 with pVAL-TE plasmid; 

Figure 3: shows chromatograms of peptides purified from the culture supernatants of strains transformed with 
pVAL-TE. In particular, in A) the peptide deriving from the strain in which pVAL-TE is integrated in activation domain 
4 of Srf A is shown, while in B) the peptide purified from the culture medium of the recombinant strain having pVAL- 
TE integrated at the 3 terminal of the seventh activation domain of SrfA is shown. 

In step (a) of the method of the present invention the isolation and fusion of the activation domains, also from pep- 
tide synthetases of organisms phylogenetically separated, can be carried out by, for example, the techniques described 
in the Italian patent application MI93001534. 

In step (b) of the method of the present invention, the fusion of the 3-terminal nucleotide sequence is carried out, 
preferably, in the region of at least 10 amino acid residues downstream of said conserved site. 

In case that the last activation domain of the synthetase engineered according to the method of the present inven- 
tion codes for an amino acid in configuration D or for a methylated amino acid, the region downstream of the conserved 
site will contain the domain, or part of it, which codes the methylation or epimerization function. 
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Examples of vectors suitable for the purposes of the present invention can be selected from expression or integra- 
tion plasmids. The latter are plasmids which are not capable of being autonomously replicated in the host microorgan- 
ism, but which can be integrated in their chromosome by means of a Campbell recombination (Vosman, B. et al. (1 986), 
Mol. Gen. Genet. 204: 524-531). The recombination occurs among sequences of homologous DNA present on the 
plasmid and on the chromosome. To aid the screening procedure and isolate recombinants, the plasmid must contain 
a marker selectable in the host strain. Integration plasmids can be selected for example from pJM103 and pJM102 con- 
taining the CAT gene (chloramphenicol acetyltransferase) as marker which gives resistance to the chloramphenicol 
antibiotic. 

Examples of microorganisms which can be used in the method of the present invention are selected from bacteria, 
yeasts or fungi which produce a peptide synthetase. 

The transformation of said organisms and their selection are generally carried out with the conventional techniques 
(Maniatis, et al. - Molecular cloning - A Laboratory Manual - Cold Spring Harbor Laboratory ed., New York). 

The microorganisms thus isolated can be cultivated under suitable conditions and the produced peptides are con- 
veniently recovered and purified by usual techniques. 

As an alternative, the peptide synthetases expressed by these microorganisms can be isolated, purified and used 
for the synthesis in vitro of the peptides of interest. The peptide synthetases can be used as such or immobilized on 
insoluble solid supports to allow their continual use. 

In order to provide an example, without however limiting the present invention, the construction of engineered pep- 
tide synthetases is reported, starting from the srf A operon which encodes suriactin synthetase. 

The 3-terminal region of srf AORF3 which follows the sequence encoding the conserved site Gly-Gly-(Hi-sp/Asp)- 
Ser-(lle/leu) of the thioester bond of the last amino acid binding domain of suriactin synthetase is homologous to the 3- 
terminal regions of the last activation domains of other peptide synthetases. This region, and in particular the 260 amino 
acids long fragment following the Sad site (hereby denominated TE region) was fused to the fourth activation domain 
of suriactin synthetase to test the possibility of using this region for the creation of hybrid peptide synthetases. 

The fusion construct was inserted in the chromosome of B.subtilis by use of the integrative plasmid (pVAL-TE) as 
described in example 1 . The map of this plasmid is depicted in figure 1 . 

The transformation of suriactin producing B.subtilis strain JH642 with the integrative pVAL-TE plasmid, can result 
in the insertion of the plasmid in two possible regions of srfA depending on the point where Campbell recombination 
ensues (see figure 2): 

- the recombination in the fourth amino acid activating domain generates hybrid synthetase formed by 4 complete 
activation domains the last of which is fused to the TE region. 

- the recombination at level of the SrfA TE region does not imply any modification of the wild type suriactin syn- 
thetase. 

In order to demonstrate that the presence of the TE region fused to the SrfA domain 4 is a fundamental condition 
to obtain a high production of the tetrapeptide, the JH642 strain was transformed with a plasmid whose integration in 
SrfA could occur after domain 4 without leading to the fusion of the TE region after domain 4 itself. 

In particular, plasmid pSM537 was used, which, after transformation in B. Subtil is JH642, produced a mutant strain 
(asuMiis SMS347) in which the complete srf AORF3 and the part of srfAORF2 which includes a portion of the domain 
5 and the complete domain 6 of the suriactin synthetase operon were deleted. 

Results reported in example 1 show that: 

1 . the fusion of the last 260 amino acids of the subunrt srf AORF3 downstream the fourth activation domain of sur- 
factin synthetase results in the formation of an active peptide synthetase which synthesizes the lipotetrapeptide 
having the sequence Fattyacid-Glu-Leu-DLeu-Val. This lipopeptide is secreted in quantities comparable to the 
native suriactin synthetase product. 

2. the absence of this fusion leads to the synthesis of a non-functional peptide synthetase. 
In conclusion, the method of the present invention enables: 

- the production in great quantities of new peptides with modified sequence as compared to the natural products of 
peptide synthetases; 

- the possibility to synthesize peptides containing a variety of non natural and/or modified amino acids (present in 
peptides synthesized by means of non-ribosomal process) and which can be used for the synthesis of analogous 
of peptides. 

The following example has the purpose of further illustrating the present invention without limiting it. 
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Example 1 

♦h ^J?^ 6Xamp,e disc,oses the construction of a B.subtilis strain expressing a peptide synthetase formed bv 
the first four domams of surfactin synthetase and wherein the fourth domainTs fused to L zeO^o ^ ZaCAer 
s mjnjU reg.on of the third subunit of surfactin synthetase (srfAORF3). The isolation and the S^SSS^^ 
acid analysis of the peptides produced are also described. wi*«wienzanon Dy amino 

•nJ^ te # ?frain r S C ° nSt L UCted by insertin 9 in the ^romosome the integrative pVAL-TE plasmid, whose map is illus- 
trated in figure 1 , using a Campbell recombination event ^ 

A) Construction of dVAI pi^mfrf 

rnri^Slir 0bta,nGd ^ C ' 0nin9 " 9Gne amp,tfiCati0n pr0dUGt usi "9 following oligo- 

?5 1) 5 -GCATATGTGAATTCGGATTCAGCGCTTCCTGGG-3 
2) 5-TTCCTTATGAGCTCCTCTTGAATTTTCGCCGTCA-3 

containing each the recognition sites of restriction enzymes EcoRI and Sad respectively in vector rxJM103 fM Pprpoo 

somai of B.subtilis JH642 srf+ (surfactin producer) corresponds to the region of the fourth activating domain of ooeron 

^^ESS^ 0 *", 0, ^ F2 inc,uded befween resk,ues 545 and W»- 

EcoRI and Sad enzymes was cloned between sites EcoRI and Sad of dJM103 (which contains the aenes which canter 
E£T 1° amf !i Cillin f nd chloram P henico ') and distant clones were BeleSi^^^S^S 

^ u "? A^ 11 '"- 8 *** clones was used to transform cells of B.subtilis made competent aTdescXdVPe I 

i£££££T and JH< ? (19 ^ 1) - J - Bacteri0 '- 173: 2514 - 2520) h 75 SS 

S^ll f^T 5 ^ b r »"9 |e crossing-over Campbell type recombination, were selected on *e spo^atim 
Shaeffer medium (Spo) added with 5 ng/ml of chloramphenicol. sporuianon 

pVAL-TE plasmid was obtained by cloning between sites Sacl and BamHI of pVAL the gene amplification oroduct 
obtained using the following oligonucleotides as primers: arnpimcanon product 

3) 5 -AACAAAGAGCTCGGGATTGATCCTTCCA-3 and 

4) 5 -GTGTGGATCCATTTGAAACCGTTACGGTTTG-3 

and the DNA chromosomal JH642 as template, accoiding to known procedures 

r te H! e „ a r iPl i ,ed re f iO "?If2 0 pairS * bases ' con, P riMd between *e Sacl and BamHI restriction sites encodes the 
C-terminal portion of srfAORF3 included between amino acids 1016 and 1275 The oene amnion 

^srr *? c,oned in pval <^™E™££ZEttg^ 

^,J?lZT l?\ ■ PVAL ' TE W3S USSd to transform °° m P etent ce,ls <* JH642 and L transformTnte w^e 
selected on Spo plates containing chloramphenicol (5 ng/rnl) were 

plasm^^^^ 0< * *"-""■«•■ of B^ybJjNs. with pVAL-TE 

Out of the integration of pVAL-TE two classes of transformants can derive In the first class (A in fin.iro o\ th* 

oTsrr£>RF3 V * 6 ,ifSt aCtiVati0n d ° main ° f SrfA0RF2 ^ to the last 26 ° 

,~ !!l tt,e .K e ^ nd ClaSS (B fi9ure 2) ' the rec °"*ination has occurred in the region downstream the Sacl site and 
results in the formation of a wild type surfactin synthetase in which srf AORF1 . srfAORF2 arrf Vrf AORF3 ScS^S 
Peptides produced by representative strains of these two classes were analyzed by "hplc ^ ISSSSJ 

B) Construction of R subtilis SMS347 

The B.subtilis SMS347 strain was obtained transforming B.subtilis JH642srf with plasmid PSM537 linearized with 
re S°? en2/me ML ^ p,asmid »bmiing EcgJ wHh a ligase mixtTe cSna d^dTS 

PJM103 .ineanzed witt Pst.. the fragment Bcll-Nsi! corresponding to the sequence of ZLSXS C£2£ 
13442 to rescue 14324 and fragment Nisil-Bcll corresponding to the sequence of gene srf AORF2 from rSS^SS 
tore*due2 074. The transformants were selected on plates of spoliation media £rrt^ 
Thrty-ax cobn.es (CmR) were inocu.ated in LB culture medium and chromosomal DNA was eSeoTm thTS 
tures. After the integration by double crossings, the chromosomal fragment from residue 143^2^17^ 
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SMS347 was substituted with the region of 3700 bp of pJM103 containing the chloramphenicol resistance gene. 
C) Production of peptides 

5 The growth conditions used to obtain the production of peptides are the same which were used for the synthesis of 

surfactin. 

The colonies were cultured for 1 6 hours in rich culture medium (VY = veal Infusion Broth 25 g/l, Yeast Extract 5 g/l) 
at 37°C, then the culture was diluted 1 :20 in minimum culture medium having the following composition: 

10 



- NH 4 CI 


4.00 g 


- kh 2 po 4 


4.00 g 


- Na2HP0 4 


5.64 g 


- glucose 


4% 


• phenylalanine 


50 mg/l 


• tryptophane 


50 mg/l 


- stock of salts 100x 


1 ml 



The salts stock is constituted by: 

25 



• MgS0 4 .7H 2 0 


20.00 g 


- CaCI 2 


0.10 g 


- FeS0 4 . 7H 2 0 


2.00 g 


- EDTA 


0.15 g 


- MnCI 2 . 6H 2 0 


30 mg 


-H 2 0 


1 liter 


pH<2 



40 After 5-7 hours of growth at 37°C with stirring, the cells were pelletted by centrifugation and the medium was acid- 
ified at pH 2 to precipitate the peptides. 

The precipitate was dried and re-suspended in methanol concentrating it 10 times the volume of the starting cul- 
ture. 

45 HPLC ANALYSIS 

For the HPLC analysis, 20 ml of such concentrate were injected in a C8 column (LiCrospher R RP-Select B 5 mm 
125 x 4 mm) to which a gradient was applied ranging from 70 to 95% acetonitrile in water (both solvents containing TFA 
0.05%) in 10 minutes, followed by 5 minutes at 95%, at 1 ml/min flow rate. The elutton was monitored at 220 nm of 
so absorbance. The results are shown in Figure 3. 

While strain SMS347 does not produce appreciable quantities of peptide, the strain in which the activation domain 
of valine is fused to the carboxyl terminal region of srf A3 (JH642(pVAL-TE)A) secretes an appreciable quantity of mate- 
rial which absorbs at A 22 o- 

The strain in which pVAL-TE is integrated in order to produce srfAORFI, srfAORF2 and srfAORF3 wild type 
55 (JH643(pVAL-TE)B) produces normal quantities of lipopeptide which co-elutes with the standard of surfactin. 

5 ml of the material extracted from the culture medium of these two strains were analyzed by TLC on silica gel 
plates (Merck Silicagel R 60, 0.25 mm) using a mixture of acetone/butanol/HaO 5:3: 1 as the mobile phase. The peptides 
are detected by spraying the plate with water. 

For the amino acid analysis spots of hydrorepellent material, corresponding to about 500 ml of culture were col- 
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lected from the plate removing the layer of silica, and extracting the peptides with methanol. 

Afterwards the peptides were hydrolyzed in vapour phase in standard hydrolysis tubes and pyrolized at 500°C, 
according to the procedures reported by Melzer N.M. et al. 1987, Anal. Biochem. 160:356-361. Amino acid analysis 
was carried out by using the phenyl-thyocarbamil-derivatization method (Cohen S.A. et al.1988 Anal.Biochem. 1741- 
16). 

After the hydrolysis reaction the samples were dried to remove HCI completely, neutralized with a 2:1 of metha- 
nol/di-isopropilethylamine mixture (20 ml) and then derivatized with a mixture of methanol/di-isopropilethyl- 
amine/water/phenylisothyocyanate 7:1:1:1 (20 ml). The reaction mixture was let stand for 10 minutes at room 
temperature, dried and reconstituted just before injection into a HPLC column for the amino acid analysis. The results 
obtained are shown in table 1 , where the quantities of amino acids are referred to Glu=1 .00. 



Table 1 





JH642(pVAL-TE)A 


JH642(pVAL-TE)B 


SURFACTIN 




FOUND 


EXPECED 


FOUND 


EXPECTED 


FOUND 


EXPECTED 


GLU 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


VAL 


1.01 


1.00 


1.13 


1.00 


1.01 


1.00 


LEU 


1.94 


2.00 


4.04 


4.00 


3.76 


4.00 


ASP 






0.81 


1.00 


1.00 


1.00 



These data show that: 

1 . The fusion of the last 260 amino acids of the srf AORF3 subunit at the end of the fourth activation domain of sur- 
factin synthetase results in the formation of an active peptide synthetase, which synthesizes the lipotetrapeptide 
with sequence Fattyacid-G!u-Leu-DLeu-Val which is secreted in quantities comparable to the product of natural sur- 
factin synthetase and 

2. the absence of this fusion results in the synthesis of a non-functional peptide synthetase. 
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SEQUENCE LISTIN G 

(1) GENERAL INFORMATION: 
(i) APPLICANT: 

(A) NAME: ENIRICERCHE S.p.A* 

(B) STREET: VIA MARITANO, 26 

(C) CITY: SAN DONATO MILANESE, (MILANO) 

(E) COUNTRY: ITALY 

(F) POSTAL CODE: 20097 
TELEFAX: 02/52036344 
(ii) TITLE INVENTION: 

ENGINEERED PEPTIDE SYNTHETASES AND THEIR USE FOR THE 
NON-RIBOSOMAL PRODUCTION OF PEPTIDES 
(111) NUMBER OF SEQUENCES: 4 
(iv) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
(iv) COMPUTER: IBM 486 PS/258486SIC3 
OPERATING SYSTEM: IBM-DOS 5.2/WINDOWS 3-1 
SOFTWARE: ASCI I 

**** **** **** 



(1) INFORMATION FOR SEQ ID NO:l: 
SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 33 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

50 (ii) MOLECULE TYPE: DNA (Genomic) 

(ix) FEATURE: 

55 
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(A) NAME: Primer 
(xi) SEQUENCE DESCRIPTION: 
GCATATGTGA ATTCGGATTC AGCGCTTCCT GGG 

**** ** + * **** 

(1) INFORMATION FOR SEQ ID NO: 2: 
SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 34 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 

(ix) FEATURE: 

(A) NAME: Primer 

(xi) SEQUENCE DESCRIPTION: 

TTCCTTATGA GCTCCTCTTG AATTTTCGCC GTCA 

**** **** **** 

(1) INFORMATION FOR SEQ ID NO: 3: 

SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 27 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 
(ix) FEATURE: 
(A) NAME: Primer 
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(xi) SEQUENCE DESCRIPTION: 
AACAAAGAGC TCGGGATTGA TCTTCCA 

***+ **** **♦* 

(1) INFORMATION FOR SEQ ID NO: 4: 
SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 3 1 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 

(ix) FEATURE: 

(A) NAME: Primer 

(xi) SEQUENCE DESCRIPTION: 

GTGTGGATCC ATTTGAAACC GTTACGGTTT G 



Claims 

1 . Method for the non-ribosomal production of modified peptides, which comprises: 

(a) isolating from chromosomal DNA of strains producing peptide synthetases the sequences which encode 
predetermined amino acids activating domains and fusion of said sequences in a predetermined order estab- 
lished by the order of amino acids in the peptide to be obtained; 

(b) fusion of the region at the end of the sequence which encodes the conserved site Gly-Gly-(His/Asp)-Ser- 
(lle/leu) of the thioester bond of the last activation domain of the peptide synthetase engineered as in step (a) 
to the nucleotide 3-terminal sequence downstream the last activation domain of a peptide synthetase; 

(c) introducing the gene construction obtained in (b) in a vector under the control of the suitable transcription 
and translation signals ; 

(d) transforming a host microorganism with the vector obtained in (c); 

(e) cultivating in the suitable conditions the transformed microorganism obtained as in (c); and finally 

(f) isolating the peptide from the culture medium. 

2. The method according to claim 1 , wherein the modified peptide has antibiotic, antif ungine, immunosuppressive or 
surfactant properties. 

3. The method according to claim 1 , wherein in step b) the fusion is carried out in the region of at least 1 0 amino acids 
at the end of the conserved site. 
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4. The method according to claim 3, wherein the last activation domain encodes an amino acid in D configuration or 
a methylated ammo acid and the region at the end of the conserved site contains a domain, or its portion which 
encodes the methylation or epimerization function of the amino acid. 

s 5. The method according to claim 1 , wherein the vector is selected from expression or integration plasmids. 

6. The method according to claim 1 , wherein the host microorganism is selected from the group consisting of bacteria 
fungi or yeasts. 

10 7. Engineered peptide synthetase suitable to produce and secrete a peptide obtained by a method which comprises: 

(a) isolating from chromosomal DNA of peptide synthetases producer strains the sequences which encode 
predetermined amino acids activation domains and fusion of said sequences in a predetermined order estab- 
lished by the order of amino acids in the peptide to be obtained; 

is (b) fusion of the region downstream the sequence which encodes the conserved site Gly-Gly-(His/Asp)-Ser- 

(lle/leu) of the thioester bond of the last activation domain of the engineered peptide synthetase obtained as in 
step (a) to the nucleotide 3-terminal sequence at the end of the last activation domain of a peptide synthetase* 
(c) inserting the gene construction in a vector under the control of the suitable transcription and translation sia- 
nals; a 

20 (d) transforming a host microorganism with the vector obtained in (c); 

(e) cultivating in the suitable conditions the microorganism transformed as in step (d) in order to obtain the 
expression of the engineered peptide synthetase; and finally 

(f) isolating and purifying the peptide synthetase from said microorganism. 

Use of the engineered peptide synthetase obtained according to the method of claim 7, for the synthesis in vitro of 
modified peptides biologically active. 

Use of the peptide synthetase according to claim 8, wherein said synthetase is immobilized on a solid insoluble 
support 



25 8. 

9. 

30 



10. Peptide synthetase constituted by the first four activation domains of surfactin synthetase, where the fourth activa- 
tion domain is fused to the region of 260 residues C-terminal of the third subunit of surfactin synthetase 
(srfAORF3). 



40 



45 



50 



55 



11 



EP 0 789 078 A2 



Sad 




FIG. 1 



12 



EP 0 789 078 A2 



A) 




I I 



I I 



DOMl DOM2 DOM3 DOM4 DOM5 DOM6 DOM7 TE 

J 



1 i 

DOMl DOM2 DOM3 DOM4 TE 



DOM5 



PRODOTTO ATTESO: GLU-LEU-(D)LEU-VAL 



B) 



i 

DOMl DOM2 DOM3 




I I 

DOM4 DOM5 DOM6 



DOM4 TE] 

7 



i 

DOM7 IK 



I 



I I T 

DOM4 DOM5 DOM6 DOM7 TE 



i 



DOM4 T 



PRODOTTO ATTESO: SURFATTINA 



FI6URA2 



13 



EP 0 789 078 A2 




n i i a i i i i * i * i * * at 




! i 1 * 4 i i 4 4 4 4 4 4 4 I i J 



FIGt*RA 3 



14 



(19) 



J 



(12) 



EuropaJsches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 789 078 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


f51) Inta 6 - C12N 15/52 C12N 9/00 




27.10.1999 Bulletin 1999/43 


C07K 14/32, C12P 21/02 


(43) 


Date of publication A2: 






13.08.1997 Bulletin 1997/33 




(21) 


Application number: 961 09937.1 




(22) 


Date of filing: 20.06.1996 




(84) 


Designated Contracting States: 


• De Ferra, Francesca 




AT BE CH DE DK ES FR GB GR IE LI NL PT SE 


Lodi (IT) 




Designated Extension States: 


• Rodrigues, Francesco 




SI 


20097 S. Donato Milanese (Milano) (IT) 


(30) 


Priority: 09.08.1995 IT MI951764 


(74) Representative: 






Gennari, Marco, Dr. 


(71) 


Applicant: ENITECNOLOGIE S.p.A. 


EniTecnologie S.p.A. 




20097 S. Donato Milanese (Milano) (IT) 


Patent and Licensing Dept. 


(72) 




Via F. Maritano, 26 


Inventors: 


20097 San Donato Milanese (Ml) (IT) 


• 


Grandi, Guido 




Segrate (S.Felice) (Milano) (IT) 





(54) Engineered peptide synthetases and their use for the non-ribosomal production of peptides 

(57) The present invention relates to the construe- ribosomal production of modified peptides, 
tion of functional engineered peptide synthetases capa- 
ble to display a correct activity and their use for the non- 



CO 
< 
CO 

o 

a> 
oo 



Sacl 



BamHI 



EcoR 




CAT 



FIG. 1 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 789 078 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 10 9937 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



EP 0 637 630 A (ENIRICERCHE S.P.A.) 
8 February 1995 (1995-02-08) 

* claims; p. 3, lines 25-52 * 

STACHELHAUS, T. ET AL.: "Rational design 
of peptide antibiotics by targetet 
replacement of bacterial and fungal 
domains" 
SCIENCE, 

vol. 269, 7 July 1995 (1995-07-07), pages 
69-72, XP002113291 

* abstract * 

VAN LIEMPT: "Principles of the molecular 
construction of multienzyme templates for 
peptide biosynthesis ..." 
BIOMED. BI0CHIM. ACTA, 

vol. 50, no. 10/11, 1991, pages s256-$259, 
XP002113292 

* abstract * 

STACHELHAUS, T. & MARAHIEL, M.A.: 
"Modular structure of peptide synthetases 

BIOL. CHEM., 
vol. 270, no. 11, 
17 March 1995 (1995-03-17), pages 
6163-6169, XP002113293 

* abstract * 

EP 0 540 074 A (ENIRICERCHE S.P.A.) 
5 May 1993 (1993-05-05) 



1-10 



1-10 



C12N15/52 
C12N9/00 
C07K14/32 
C12P21/02 



1-10 



1-10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



C12N 

C07K 
C12P 



The present search report has been drawn up for all claims 



Ptaea of *aarch 

MUNICH 



Data of oompietlon of the saaich 

25 August 1999 



Examiner 

Hermann, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : eerier patent document but publshed on. or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



2 



EP 0 789 078 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 96 10 9937 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merefy given for the purpose of information. 

25-08-1999 



Patent document 
cited in search report 



Publication 



Patent family 
member(s) 



Publication 
date 



EP 637630 



08-02-1995 



IT 
JP 
US 



1264712 B 
7147978 A 
5652116 A 



04-10-1996 
13-06-1995 
29-07-1997 



EP 540074 



05-05-1993 



IT 
IT 
JP 



1251680 B 
1256366 B 
5292977 A 



19-05-1995 
04-12-1995 
09-11-1993 



For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



3 



